observations establish that the high levels of cyclic GMP in the immature rd retina are caused by the accumulation of cyclic GMP in the photoieceptor layer.
Our findings indicate that normal photoreceptor cells hydrolyze cyclic GMP by means of their specific high K,,1-PDE enzyme and those of the rd retina accumulate cyclic GMP due to their deficiency in high K,,-PDE activity. The imbalance in cyclic GMP metabolism of rd photoreceptors occurs before the onset of their degeneration and, most probably, causes disturbances in the metabolism or function of these cells. It is premature to speculate on the specific action of cyclic GMP in these cells but, generally, cyclic nucleotides act to regulate cellular function (8) . This suggests that elevated cyclic GMP will affect the homeostatic balance of the rd photoreceptor cells and, if this effect is significant, it could produce changes that result in the degeneration of those cells. 1 NOVEMBER 1974 thank G. Sullivan and E. Racz for technical assistance.
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Abstract. Inhibition of transmission between tactile sensory neurons and interneurons in the crayfish was investigated by intracellular recording in the presynaptic processes. Inhibition is correlated with a depolarization of the presynaptic process, as in the mammalian spinal cord; the depolarization is accompanied by a conductance increase, and is mediated by interneurons that can be excited by a variety of routes.
Presynaptic Inhibition: Primary Afferent Depolarization in Crayfish Neurons
Presynaptic inhibition is a process of wide occurrence, in which synaptic efficacy is reduced by preventing the release of transmitter from presynaptic endings, instead of by increasing the conductance of the postsynaptic membrane. In the mammalian spinal cord it is correlated with a depolarization of primary afferent terminals (1). The mechanism by which transmitter Presynaptic inhibition is a process of wide occurrence, in which synaptic efficacy is reduced by preventing the release of transmitter from presynaptic endings, instead of by increasing the conductance of the postsynaptic membrane. In the mammalian spinal cord it is correlated with a depolarization of primary afferent terminals (1 (5) showed that impulses in the central giant fibers of crayfish produced a "remote" inhibitory effect on transmission from tactile afferents to interneurons, as well as inhibitory postsynaptic potentials. They proposed that the remote inhibition was presynaptic, and suggested that it protects the synapses, known to be vulnerable to habituation (6), from loss of efficacy during bouts of sensory discharge evoked by rapid escape movements.
We isolated the ventral nerve cord of crayfish (Procambarus clarkii) except for the fourth roots of the sixth ganglion, which remained attached to the tail appendages they innervate (Fig.  1A) . In this preparation, the exoskeletal hairs that supply afferent axons to the sensory nerves are available for mechanical stimulation. The cord was pinned out ventral side up in a chamber lined with transparent Sylgard resin, desheathed, and illuminated from below. Suction electrodes on the sensory roots were used to monitor activity evoked by stimulating sensory hairs or to supply brief electrical shocks to the afferent root, and suction electrodes on more anterior connectives were used to monitor interneuronal activity or to excite large, identified command interneurons (the lateral giant fibers). A simplified circuit diagram identifying the main elements to be discussed and indicating their mode of interaction is shown in The inhibitory phenomenon that we presume to be presynaptic can be recorded from many interneurons that are activated monosynaptically by afferents from the fourth root (8). A brief train of impulses (at 100 hertz) in the lateral giant fiber will reduce the amplitude of a test EPSP in some interneurons by 75 percent; yet in some of these cells no postsynaptic potential change is produced by the train, even when the membrane potential is depolarized by up to 20 mv by current injected using a bridge circuit.
When penetrations are made in the presynaptic primary afferent neurons, graded shocks applied to the sensory nerve or natural stimuli produce small depolarizations below the threshold for a directly evoked impulse in the impaled neuron (Fig. 2, A and B) . Above the threshold for a direct impulse, the PAD shows further augmentation with increases in the intensity of the stimulus to the afferent root. Similar subthreshold responses are obtained by stimulating the central connectives, especially the lateral giant fibers (Fig. 2,  C 
and E).
The PAD evoked by sensory nerve stimulation has a latency of approximately 3 msec from the calculated arrival time of the volley in the ganglionic neuropil. This value is at least 2 msec longer than the latency of monosynaptic EPSP's produced by the same input recorded in interneurons penetrated near the same afferent processes (Fig.  2B) . The latency of PAD is long enough to permit the discharge of interneurons before its onset (Fig. 2B.,) . Furthermore, unitary depolarizing potentials in the afferent terminals are not associated with single impulses simultaneously recorded from axons in the sensory nerve generating the PAD, although such impulses clearly generate unitary EPSP's in interneurons with which the sensory axons connect monosynaptically (8, 9). Primary afferent depolarizations nevertheless appear to consist of elementary components (Fig.  2, A and C) ; these are recruited in discrete fashion by gradations in stimulus intensity. When maximal PAD's produced by stimulation of an afferent root and the cord pathway are timed so as to occur simultaneously, occlusion occurs (Fig. 2C) We analyzed the conductance change associated with PAD by recording PAD amplitudes during the injection of steady hyperpolarizing and depolarizing currents. The former increase, and the latter decrease, PAD amplitude (Fig.  2E) . Neither the bridge balance nor the position of the microelectrode with respect to the synaptic region can be exactly known, but the relation between membrane potential and PAD amplitude crudely extrapolates to a reversal potential 18 mv below resting potential; other experiments gave values between 12 and 20 mv. This suggests that a change in Na+ conductance plays a part in PAD, and we have observed that PAD can sum with injected depolarization to generate impulses.
To compare the time course of PAD with that of the inhibition exerted against the transmission link between primary afferent neurons and interneurons, we successively penetrated a sensory fiber showing PAD and then, nearby on the same microelectrode track, an interneuron activated monosynaptically by the afferent fiber group to which the sensory unit belonged. We compared the latency and time course of the inhibitory effect with that of PAD, using the central giant fibers to generate each. The results are plotted in Fig. 3 . The peaks of PAD and of the inhibitory effect coincide in time, but the latter effect somewhat outlasts the former (10).
Is it the depolarization itself, the conductance change associated with it, or neither that is responsible for the inhibition? In the mammalian spinal cord, PAD is recorded several space constants away from its source, where it cannot be affected by injected current and where any conductance changes are too remote to be detected. We have evoked compound PAD's by brief trains of stimuli to the lateral giant fibers, and find that under favorable conditions-where the PAD is largeconsiderable shunting of the afferent spike occurs (Fig. 4) . This result suggests that we record close to the sites at which the afferents release their transmitter and indicates that shunting of the spike is a candidate mechanism for the presynaptic inhibition.
Presynaptic depolarization thus ap- In order to prove that the attachment of erythrocytes to cancer cells was indeed the IA phenomenon, three experiments were performed. In the first, the reactivity of the cancer cells was enhanced by adding purified human complement 2 (C2) and complement 3 (C3); in the second, the reactivity was inhibited by prior treatment with antibody to human PlC-globulin (that is, antibody to human C3) (5); and in the third, the specific adherence activity was tested against sheep erythrocytes to the target cancer cells (2).
The first experiment was necessary because in the IA phenomenon a human erythrocyte adheres to a C3 site in a complex of antigen, antibody, and complement components Cl, C4, C2, and C3 (fixed in that order) (2). The C5 and subsequent components are not essential. Since it is known that C2 decays rapidly from the complex at 37?C unless stabilized by C3 (6), addi- In order to prove that the attachment of erythrocytes to cancer cells was indeed the IA phenomenon, three experiments were performed. In the first, the reactivity of the cancer cells was enhanced by adding purified human complement 2 (C2) and complement 3 (C3); in the second, the reactivity was inhibited by prior treatment with antibody to human PlC-globulin (that is, antibody to human C3) (5); and in the third, the specific adherence activity was tested against sheep erythrocytes to the target cancer cells (2).
The first experiment was necessary because in the IA phenomenon a human erythrocyte adheres to a C3 site in a complex of antigen, antibody, and complement components Cl, C4, C2, and C3 (fixed in that order) (2). The C5 and subsequent components are not essential. Since it is known that C2 decays rapidly from the complex at 37?C unless stabilized by C3 (6), additional complement was added to overcome the possible loss of C2 during preparation of the cell suspensions, and 
